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Increasing Occurrence of Postoperative Atrial
Fibrillation in Contemporary Cardiac Surgery
Jahangir Khan, MD, PhD, Niina Khan, MD, Eetu Loisa, MS, Jaakko Sutinen, MD, and Jari Laurikka, MD, PhD
Objective: Patients referred for cardiac surgery are increas-
ingly older, with a higher prevalence of signiﬁcant comorbid-
ities and undergoing more extensive surgery. The aim of the
study was to ascertain the incidence and presentation of
postoperative atrial ﬁbrillation in contemporary patients.
Design: A prospective single-center study.
Setting: A tertiary academic center.
Participants: Between January 2013 and December 2014,
1,356 consecutive patients (72% male, median age 68),
including urgent and emergency cases, were analyzed.
Preoperative paroxysmal atrial ﬁbrillation was present in
163 (12%) and chronic in 156 (12%) patients.
Interventions: No interventions.
Measurements and Main Results: Of the 1,164 patients
without chronic atrial ﬁbrillation and surviving at least 5
days, 599 (51%) developed postoperative atrial ﬁbrillation,
43% after bypass, 55% after single valve, 74% after multiple
valve, 66% after combined bypass and valve, and 54% after
aortic procedures, p o 0.001, respectively. In 29%, the dura-
tion of postoperative atrial ﬁbrillation was less than 48 hours
and did not recur, whereas in 71% the arrhythmia persisted
for at least 48 hours or recurred during hospitalization.
Patients with postoperative atrial ﬁbrillation were signiﬁ-
cantly older, had a higher prevalence of previous atrial
ﬁbrillation and hypertension, larger left atrium, and required
longer hospitalization with increased rates of reoperations
and infectious complications.
Conclusions: The authors report high, 10% to 20% greater
than previously described, occurrence of postoperative
atrial ﬁbrillation in contemporary patients undergoing
cardiac surgery. Most patients with postoperative atrial
ﬁbrillation experienced prolonged duration or recurrence of
the arrhythmia. The type of surgery, advanced age, and
previous atrial ﬁbrillation were the most important risk
factors.
& 2016 Elsevier Inc. All rights reserved.
KEY WORDS: cardiac surgery, coronary artery bypass
grafting, valve surgery, atrial ﬁbrillation, complication,
incidence
THE MOST COMMON complication following cardiacsurgery is atrial ﬁbrillation. The incidence of new-onset
atrial ﬁbrillation after cardiac surgery is reported to be 17% to
29% after isolated coronary artery bypass grafting, 20% to 49%
after single-valve operations, and 31% to 60% after combined
coronary artery bypass and valve procedures.1-6 Besides the
type of surgery, important risk factors for postoperative atrial
ﬁbrillation include advanced age, prior atrial ﬁbrillation, male
gender, obesity, left atrial dilatation and chronic obstructive
pulmonary disease, while statin and beta-blocker therapy prior
to cardiac surgery reduce the risk for postoperative atrial
ﬁbrillation.7-13 The development of postoperative atrial ﬁbril-
lation may be symptomatic and/or induce hemodynamic
instability, and often requires therapeutic interventions, such
as pharmacologic heart rate control and medical or electrical
cardioversion, and has been associated with longer hospital-
ization and increased risk for stroke and mortality.14-17
Most studies reported the incidence of postoperative atrial
ﬁbrillation according to registry data or in selected patient cohorts,
eg, after coronary artery bypass grafting, mostly excluding
patients with a history of previous atrial arrhythmias, while some
authors excluded only patients with chronic atrial ﬁbrillation.
Also, previous studies infrequently reported the duration or
recurrence of postoperative atrial ﬁbrillation beyond its ﬁrst onset.
Furthermore, patients referred for cardiac surgery at present are
increasingly older, with various comorbidities and complex
cardiac conditions undergoing more extensive surgery, which
might increase the occurrence of postoperative complications such
as atrial ﬁbrillation.
The aim of the present study was to ascertain the incidence
and presentation of postoperative atrial ﬁbrillation in patients
undergoing cardiac surgery at a single tertiary referral center.
Furthermore, the authors sought to describe the prevalence of
previous atrial arrhythmias and to identify risk factors for
developing postoperative atrial ﬁbrillation and associations
with other complications in this patient cohort.
METHODS
This study was an analysis of patients who underwent
cardiac surgery between January 2013 and December 2014 in
Heart Hospital, Tampere University Hospital, Tampere, Fin-
land, a tertiary academic clinic. Altogether, 1,356 consecutive
patients were collected prospectively in an institutional registry
and re-reviewed case by case for this study. All adult cardiac
surgery, including off-pump coronary bypass procedures, were
included in the analysis, and the study cohort comprised
elective, urgent, and emergency cases. No isolated procedures
aimed at treating atrial ﬁbrillation, such as the Cox-Maze
procedure, were performed during the study period, but
concomitant left-sided intra-atrial cryoablation was performed
in 8 patients undergoing mitral surgery, and these patients were
included in the series. In addition, 18 left atrial appendage
closures or amputations were performed, 5 of which in patients
who underwent simultaneous cryo-ablation. Transcatheter
valve procedures and surgical operations not unambiguously
cardiac in nature, such as descending aortic aneurysm recon-
structions, or surgery involving only the pericardium, such as
fenestrations for pericardial ﬂuid accumulations or surgery for
tumors invading the pericardium, were not included in the
series. Also, 5 operations ended early for various reasons, such
as unexpected porcelain aorta, were not included. When the
same patient underwent surgery more than once during the
study period, the succeeding operation was classiﬁed as a
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complication-related reoperation when unplanned and per-
formed during the same hospitalization or as a separate case
and included in the series if performed during a separate
hospital treatment period.
Preoperative patient demographics and medical history
including previous arrhythmias, perioperative and procedural
details, and the postoperative clinical course including relevant
laboratory parameters were recorded. Previous atrial ﬁbrillation
was classiﬁed as either paroxysmal or chronic. Postoperatively,
all patients were on continuous electrocardiographic rhythm
monitoring in which heart rate and rhythm regularity were
followed continuously by an automated system and by the
nursing staff until referral to secondary care or discharge from
the hospital. A minimum duration of 5 minutes was required for
the diagnosis of atrial ﬁbrillation and each suspected case was
conﬁrmed by a cardiologist. The incidence, delay of onset,
duration, and recurrence of postoperative atrial ﬁbrillation, as
previously described, as well as other complications, the need for
reoperations, and mortalities, were recorded.18 Pre-existing
β-blocker medication was continued until and including the
morning of the day of surgery and usually was resumed on the
second postoperative day if no hypotension, bradyarrhythmias or
conduction disturbances were present. The patients received a
20-mmoL infusion of magnesium sulfate postoperatively, and no
other speciﬁc measures to systematically prevent postoperative
atrial ﬁbrillation were utilized during the study period. When
detected, the treatment of postoperative atrial ﬁbrillation was
subject to the discretion of the attending physician but usually
consisted of administering two 2.5-mg doses of metoprolol
intravenously over 30 minutes, followed by an infusion of
amiodarone, ﬁrst 300 mg over 1 hour and then 900 mg over the
next 23 hours, after which electric cardioversion was performed
if sinus rhythm was not achieved. The incidence of postoperative
atrial ﬁbrillation was analyzed in patients without chronic atrial
ﬁbrillation and surviving at least 5 days postoperatively. The
occurrence and risk factors for developing postoperative atrial
ﬁbrillation and its distribution between patient subgroups were
analyzed using statistical methods.
This study was performed according to the Helsinki
Declaration, and Institutional Review Board approval was
obtained. Statistical testing was done using SPSS 16.0 sta-
tistical software by using the chi square test and Fisherʼs exact
test to compare proportions in categorical data and the Mann-
Whitney U test and the Kruskal-Wallis H test to compare the
differences in medians between groups. Multivariable analysis
was performed using binary logistic regression analysis and
establishing the odds ratios with 95% conﬁdence intervals.
Major comorbidities, previously established risk factors, and
variables associated with postoperative atrial ﬁbrillation in
univariable analysis, except those that were suspected of being
caused by or presenting after atrial ﬁbrillation, were included in
the multivariable analysis. All p valuesr 0.05 were consid-
ered statistically signiﬁcant.
RESULTS
The demographic, preoperative, and procedural character-
istics of patients are presented in Table 1. The majority of
operations (1,350,499%) were performed through standard
median sternotomy. Cardioprotection was established by
cold blood cardioplegia. Of coronary artery bypass grafting
surgeries, 44 of 535 (8%) were performed off-pump. Eleven
Table 1. Demographic, Preoperative, and Procedural Characteristics of Study Patients
All Patients Only CABG Single Valve Multiple Valve CABG and Valve Surgery Aortic Surgery*
Number of patients (%) 1,356 (100%) 535 (40%) 412 (30%) 73 (5%) 169 (13%) 132 (10%)
Male (%) 973 (72%) 423 (79%) 261 (63%) 47 (64%) 118 (70%) 103 (78%)
Median age (range) 68 (18-89) 68 (40-89) 68 (19-88) 71 (22-85) 74 (42-89) 64 (18-79)
Median BMI (range) 27 (10-61) 27 (17-60) 27 (10-60) 27 (14-45) 27 (17-41) 26 (19-45)
NYHA
1-2 985 (74%) 345 (66%) 347 (85%) 54 (75%) 126 (75%) 91 (71%)
3-4 343 (26%) 175 (34%) 61 (15%) 18 (25%) 41 (25%) 37 (29%)
Median Euroscore-2 (range) 1.9 (0.5-86.8) 1.8 (0.5-52.6) 1.3 (0.5-49.8) 3.2 (0.6-50.8) 3.0 (0.6-56.4) 3.1 (0.5-86.8)
Urgency (%)
Elective 934 (69%) 283 (53%) 361 (88%) 58 (79%) 125 (74%) 89 (67%)
Urgent 249 (18%) 158 (30%) 37 (9%) 12 (16%) 29 (17%) 9 (7%)
Emergency 173 (13%) 94 (18%) 14 (3%) 3 (4%) 15 (9%) 34 (26%)
Coronary disease (%) 845 (62%) 535 (100%) 96 (23%) 17 (23%) 166 (98%) 28 (21%)
Diabetes (%) 320 (24%) 179 (34%) 62 (15%) 13 (18%) 48 (28%) 15 (11%)
Dyslipidemia (%) 790 (58%) 412 (77%) 175 (42%) 28 (38%) 119 (70%) 47 (36%)
Hypertension (%) 881 (65%) 389 (73%) 236 (57%) 36 (49%) 122 (72%) 80 (61%)
LVEF o50% (%) 252 (19%) 121 (23%) 56 (14%) 14 (19%) 43 (25%) 16 (12%)
Chronic lung disease (%) 148 (11%) 58 (11%) 45 (11%) 5 (7%) 21 (12%) 17 (13%)
Active smoker (%) 189 (14%) 94 (18%) 36 (9%) 8 (11%) 22 (13%) 23 (17%)
Preoperative atrial ﬁbrillation
Paroxysmal (%) 163 (12%) 43 (8%) 61 (15%) 16 (22%) 20 (12%) 17 (13%)
Chronic (%) 156 (12%) 24 (4%) 66 (16%) 33 (45%) 18 (11%) 12 (9%)
NOTE. Largest patient subgroups are presented separately.
Abbreviation: BMI, body mass index; CABG, coronary artery bypass grafting; LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association.
*Aortic surgery includes aortic root procedures and aortic surgery combined with CABG or valve surgery.
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(1%) were redo-operations. The series included 19 (1%)
operations for endocarditis and 18 (1%) for acute Stanford
type-A aortic dissections. Preoperatively, 858 (63%) patients
were on β-blocker therapy, and 759 (56%) patients were on
statin therapy. The combined in-hospital and 30-day mortality
in the series was 29 out of 934 (3.1%, 95% conﬁdence interval
[CI] 2.0-4.2%) in elective, 14 out of 249 (5.6%, 95% CI 2.7-
8.5%) in urgent, and 33 out of 173 (19.1%, 95% CI 13.2-
25.0%) in emergency cases, respectively, po 0.001, with an
overall mortality of 76 out of 1,356 (5.6%, 95% CI 4.4-6.8%).
The median length of hospitalization following the primary
operation in surviving patients before referral to secondary care
or discharge from the hospital was 5 days (range 3-53 days) in
elective, 6 days (range 1-40) in urgent, and 8 days (range 3-51
days) in emergency cases, respectively, po 0.001. The
surviving patient with only 1 postoperative day of hospital-
ization was referred for cardiac transplantation due to low-
output-syndrome after bypass surgery. Reoperations for various
complications, eg, postoperative bleeding or wound complica-
tions, during the same hospitalization were required in 183
(13%) patients. The rate of stroke was 2.8%; 1.9% in elective,
3.6% in urgent, and 6.4% in emergency cases, respectively,
p ¼ 0.004. The occurrence of infectious complications, such as
mediastinitis, pulmonary, urinary, wound or cannula-site infec-
tions, was 9.8% in this series.
Altogether, 1,316 patients survived at least 5 days post-
operatively, and of these, 152 had chronic atrial ﬁbrillation. Of
the remaining 1,164 patients, 599 (51%, 95% CI 49-54%)
developed postoperative atrial ﬁbrillation. In 171 (29%, 95%
CI 25-32%) patients, the duration of postoperative atrial
ﬁbrillation was less than 48 hours and did not recur, while in
428 (71%, 95% CI 68-75%) patients, the arrhythmia persisted
for at least 48 hours or recurred during hospitalization.
The median onset of postoperative atrial ﬁbrillation was
3 days (range 0-30 days) (Fig 1). In patients with a history
of paroxysmal atrial ﬁbrillation, 129 out of 158 (82%,
95% CI 76-88%) developed postoperative atrial ﬁbrillation
in comparison to 470 out of 1,006 (47%, 95% CI 44-50%) in
other patients, po 0.001. The duration of hospitalization
was signiﬁcantly longer in patients with postoperative
atrial ﬁbrillation than in other patients, 6 v 5 days,
po 0.001.
The results of the univariable analysis is presented in
Table 2. Patients who developed postoperative atrial ﬁbrillation
were signiﬁcantly older and had more hypertension and a larger
left atrium than other patients. Postoperative atrial ﬁbrillation
tended to be more common in patients with New York Heart
Association 3 or 4 than in patients with New York Heart
Association 1 or 2 grade symptoms. The distribution of
postoperative atrial ﬁbrillation according to the type of the
procedure performed is presented in Table 3. Altogether ﬁve
patients without chronic atrial ﬁbrillation who survived at least
5 days, 4 undergoing single-valve and 1 undergoing multiple-
valve surgery, had simultaneous cryoablation. Of these, 3
(60%) developed postoperative atrial ﬁbrillation, a rate similar
to that of other patients undergoing valve surgery. Active
smoking until surgery was associated with a lower occurrence
of postoperative atrial ﬁbrillation, 39% v 54% in non-smokers,
po 0.001; however, these patients also were younger, 59 v 69
years, respectively, po 0.001. In contrast, gender, coronary
disease, diabetes, dyslipidemia, chronic lung disease, body
mass index, left ventricular ejection fraction, preoperative
serum creatinine concentration, or the use of statins or β-
blockers preoperatively were not associated with the develop-
ment of postoperative atrial ﬁbrillation. Also, the development
of postoperative atrial ﬁbrillation was not associated with
postoperative stroke or combined in-hospital and 30-day
mortality but was signiﬁcantly more common in patients
requiring reoperations, 94 out of 149 (63%) v 505 out of
1,015 (50%), p ¼ 0.002, and in patients who developed
Fig 1. Delay of onset in the development of postoperative atrial ﬁbrillation.
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infectious complications, 71 out of 112 (63%) v 528 out of
1,052 (50%), p ¼ 0.008. The urgency of the operation was not
signiﬁcantly associated with the occurrence of postoperative
atrial ﬁbrillation in all patients. Urgent and emergency surgeries
were more frequent in patients requiring coronary artery bypass
procedures than in other patients, and in this patient group,
postoperative atrial ﬁbrillation tended to be more common after
urgent (43%) or emergency (54%) surgery when compared to
elective (39%) cases, p ¼ 0.058. In multivariable analysis
(Table 4), the type of procedure, age, previous atrial ﬁbrillation,
left atrium size, and emergency surgery were statistically
signiﬁcant independent predictors of postoperative atrial
ﬁbrillation.
DISCUSSION
In this study, the authors sought to ascertain the incidence of
and risk factors for postoperative atrial ﬁbrillation as well as its
associations with other complications after cardiac surgery in
contemporary patients. At present, patients referred for cardiac
surgery are increasingly older with a higher prevalence of
signiﬁcant co-morbidities including prior arrhythmias. Post-
operative atrial ﬁbrillation is the most common complication
after cardiac surgery and associated with higher mortality,
stroke, and longer hospitalization. The most important known
risk factors for postoperative atrial ﬁbrillation include old age
and previous atrial ﬁbrillation. The median age in the authors’
study, including all adult cardiac surgery performed at their
clinic, was 68 years, which was somewhat higher than in most
previous studies. Similarly, 24% of the authors’ patients
presented with a history of atrial ﬁbrillation, chronic in 12%
and paroxysmal in 12%, a signiﬁcantly higher percentage than
described earlier. For example, Mathew et al reported that the
prevalence of chronic atrial ﬁbrillation was only 3% and that of
paroxysmal atrial ﬁbrillation 9%, while Tran et al reported a
prevalence of 9% of any type of atrial ﬁbrillation.11,19 While
the rate of preoperative atrial ﬁbrillation may have been
underestimated previously, its incidence also has been rising.20
Table 2. The Association of Patient Characteristics and Postoperative




Yes No p Value
Male sex 71% 73% 0.494
Median age (years) 71 64 o0.001





Elective 70% 69% 0.777
Urgent 18% 20% 0.392
Emergency 12% 11% 0.524
Left atrium size (mm) 42 39 o0.001
NYHA 3 or 4 29% 24% 0.053
Median Euroscore-2 2.0% 1.5% o0.001
Coronary disease 62% 66% 0.181
Diabetes 24% 24% 40.999
Dyslipidemia 60% 59% 0.689
Hypertension 69% 60% 0.001
LVEF o50% 19% 16% 0.181
Chronic lung disease 10% 11% 0.444
Active smoking 11% 18% o0.001
Preoperative β-blocker 64% 59% 0.081




Mortality 3.0% 2.1% 0.343
Stroke 2.2% 3.4% 0.214
Median length of hospitalization (days) 6 5 o0.001
Reoperations 16% 10% 0.002
Infectious complications 12% 7% 0.008
NOTE. Patients without chronic atrial ﬁbrillation and surviving at
least 5 days postoperatively are included.
Abbreviation: BMI, body mass index; LVEF, left ventricular ejection
fraction; NYHA, New York Heart Association.
Table 3. The Distribution of Postoperative Atrial Fibrillation Accord-
ing to the Type of Procedure in Patients Without Chronic Atrial






All patients 1,164 599 (51%) 49-54%
Only CABG 500 214 (43%) 38-47%
Single valve 344 189 (55%) 50-60%
Multiple valve 38 28 (74%) 59-88%
CABG* and valve
surgery
145 96 (66%) 58-74%
Aortic surgery* 110 59 (54%) 44-63%
Abbreviation: CABG, coronary artery bypass grafting.
*Aortic surgery includes aortic root procedures and aortic surgery
combined with CABG or valve surgery.
Table 4. Risk Factors for Postoperative Atrial Fibrillation in Multi-
variable Analysis
Risk Factor Odds Ratio 95% Conﬁdence Interval










Active smoking 0.82 0.55-1.24
Left atrium440mm 1.833† 1.205-2.79
Type of procedure*
Single valve 2.09† 1.46-2.99
Multiple valve 3.43† 1.43-8.26







*Baseline groups include patients aged less than 50 years and
those undergoing bypass surgery and elective surgery, respectively.
†pr 0.05
INCREASING POSTOPERATIVE ATRIAL FIBRILLATION 1305
When reporting the incidence of postoperative atrial ﬁbrillation,
some authors1,2,4,5 have included patients with perioperative
deaths while others3,6 have excluded all non-survivors. As
patients not surviving the operation cannot develop postoper-
ative complications, the authors believe that the incidence of
postoperative atrial ﬁbrillation should be reported in patients
actually at risk for the complication and have included patients
surviving at least ﬁve days, as most cases of atrial ﬁbrillation
present by this time.
As expected, the authors reported a higher incidence of
postoperative atrial ﬁbrillation than in earlier literature. Fur-
thermore, the majority of their patients experiencing post-
operative atrial ﬁbrillation had frequent recurrence or prolonged
duration of the arrhythmia during hospitalization. A cut-off
point of 48 hours was chosen because anticoagulation therapy
has been suggested in patients with postoperative atrial
ﬁbrillation persisting longer than 48 hours.18 Unfortunately,
the type of treatment given for and the number of patients with
atrial ﬁbrillation during hospital discharge was not recorded. In
earlier reports, the conversion rate of postoperative atrial
ﬁbrillation to sinus rhythm within 24 hours was 80%, and a
recurrence rate of 43% has been reported.19,21 However,
despite the high occurrence of postoperative atrial ﬁbrillation,
the rate of stroke in the series was standard. A small number of
patients in the authors’ series underwent simultaneous cryoa-
blation; however, the rate of postoperative atrial ﬁbrillation in
these patients was similar to that of other patients and did not
affect the results.
In addition to older age and higher prevalence of prior
arrhythmias, the increased rate of postoperative atrial ﬁbrilla-
tion was explained partly by a high rate of valvular and
combined procedures in this study. Furthermore, only 53% of
bypass procedures were elective, and the rate of postoperative
atrial ﬁbrillation tended to be higher in urgent and emergency
cases in these patients. Also, continuous ECG monitoring
throughout the treatment period, a standard practice in the
authors’ clinic, may have led to a greater rate of arrhythmia
detection.22 The authors found no association with the use of
statins or β-blockers and postoperative atrial ﬁbrillation in this
study but reported a high prevalence of the aforementioned
medications preoperatively, which could imply no differences
were observed because most patients who would beneﬁt from
concurrent treatment were already receiving the medications.
Patients receiving and not receiving the medications probably
were not otherwise comparable, and the authors did not record
the delay after which these medications were resumed after
surgery. It was possible that earlier continuation would have
reduced the incidence of atrial ﬁbrillation. Conduction dis-
turbances that may postpone the continuation of β-blockers are
typical after valve surgery, after which the risk of atrial
ﬁbrillation was greater.
The rates of reoperations and infectious complications were
higher in patients who developed postoperative atrial ﬁbrilla-
tion. However, whether atrial ﬁbrillation occurred before or
after the aforementioned complication was not recorded, and it
was therefore possible that in some cases the onset of post-
operative atrial ﬁbrillation was complication-induced, while in
other cases the two complications were unrelated or shared a
mutual risk factor. Active smoking was associated with lower
occurrence of postoperative atrial ﬁbrillation in the present
study, probably because these patients were signiﬁcantly
younger. Smoking has been associated with increased risk of
atrial ﬁbrillation in the general population.23
The authors’ study had several limitations, the most
important of which was that the authors reported single-
center results that may not apply for all cardiac surgery
programs and that information on some factors that may have
affected the incidence of postoperative atrial ﬁbrillation, such
as medications, was imperfect. The greatest strength of the
current study was that the authors had a relatively large patient
cohort of consecutive patients of whom none was excluded
patients, as in most previous studies.
In conclusion, the authors report a high occurrence of
postoperative atrial ﬁbrillation in contemporary patients under-
going cardiac surgery. The prevalence of previous atrial
ﬁbrillation was similarly high. The majority of patients devel-
oping postoperative atrial ﬁbrillation experienced prolonged
duration or recurrence of the arrhythmia. The type of proce-
dure, older age, and previous atrial ﬁbrillation were the most
important risk factors.
REFERENCES
1. LaPar D, Speir A, Crosby I, et al: Postoperative atrial ﬁbrillation
signiﬁcantly increases mortality, hospital readmission, and hospital
costs. Ann Thorac Surg 98:527-533, 2014
2. Filardo G, Hamilton C, Hebeler R, et al: New-onset postoperative
atrial ﬁbrillation after isolated coronary artery bypass graft surgery and
long-term survival. Circ Cardiovasc Qual Outcomes 2:164-169, 2009
3. Rostagno C, La Meir M, Gelsomino S, et al: Atrial ﬁbrillation
after cardiac surgery: Incidence, risk factors, and economic burden.
J Cardiothorac Vasc Anesth 24:952-958, 2010
4. Saxena A, Dinh D, Smith J, et al: Usefulness of postoperative
atrial ﬁbrillation as an independent predictor for worse early and late
outcomes after isolated coronary artery bypass grafting (multicenter
Australian study of 19,497 patients). Am J Cardiol 109:219-225, 2012
5. Saxena A, Shi W, Bappayya S, et al: Postoperative atrial
ﬁbrillation after isolated aortic valve replacement: A cause for concern?
Ann Thorac Surg 95:133-140, 2013
6. Almassi G, Schowalter T, Nicolosi A, et al: Atrial ﬁbrillation after
cardiac surgery: A major morbid event? Ann Surg 226:501-511, 1997
7. Leitch J, Thomson D, Baird D, et al: The importance of age as a
predictor of atrial ﬁbrillation and ﬂutter after coronary artery bypass
grafting. J Thorac Cardiovasc Surg 100:338-342, 1990
8. Zacharias A, Schwann T, Riordan C, et al: Obesity and risk of
new-onset atrial ﬁbrillation after cardiac surgery. Circulation 112:
3247-3255, 2005
9. Aranki S, Shaw D, Adams D, et al: Predictors of atrial ﬁbrillation
after coronary artery surgery. Current trends and impact on hospital
resources. Circulation 94:390-397, 1996
10. Amar D, Shi W, Hogue C, et al: Clinical prediction rule for atrial
ﬁbrillation after coronary artery bypass grafting. J Am Coll Cardiol 44:
1248-1253, 2004
11. Tran D, Perry J, Dupuis J, et al: Predicting new-onset post-
operative atrial ﬁbrillation in cardiac surgery patients. J Cardiothorac
Vasc Anesth 29:1117-1126, 2015
12. Kuhn E, Slottosch I, Wahlers T, et al: Preoperative statin therapy
for patients undergoing cardiac surgery. Cochrane Database Syst Rev :
CD008493, 2015
KHAN ET AL1306
13. Koniari I, Apostolakis E, Rogkakou C, et al: Pharmacologic
prophylaxis for atrial ﬁbrillation following cardiac surgery: A system-
atic review. J Cardiothorac Surg 5:121, 2010
14. Mariscalco G, Biancari F, Zanobini M, et al: Bedside tool for
predicting the risk of postoperative atrial ﬁbrillation after cardiac
surgery: The POAF score. J Am Heart Assoc 3:e000752, 2014
15. El-Chami M, Kilgo P, Thourani V, et al: New-onset atrial
ﬁbrillation predicts long-term mortality after coronary artery bypass
graft. J Am Coll Cardiol 55:1370-1376, 2010
16. Villareal R, Hariharan R, Liu B, et al: Postoperative atrial
ﬁbrillation and mortality after coronary artery bypass surgery. J Am
Coll Cardiol 43:742-748, 2004
17. Philip F, Becker M, Galla J, et al: Transient post-operative atrial
ﬁbrillation predicts short and long term adverse events following
CABG. Cardiovasc Diagn Ther 4:365-372, 2014
18. Camm A, Kirchhof P, Lip G, et al: Guidelines for the manage-
ment of atrial ﬁbrillation: The Task Force for the Management of Atrial
Fibrillation of the European Society of Cardiology (ESC). Eur Heart J
31:2369-2429, 2010
19. Mathew J, Fontes M, Tudor I, et al: A multicenter risk index for
atrial ﬁbrillation after cardiac surgery. JAMA 291:1720-1729, 2004
20. Martinez C, Katholing A, Wallenhorst C, et al: Increasing
incidence of non-valvular atrial ﬁbrillation in the UK from 2001 to
2013. Heart 101:1748-1754, 2015
21. Soucier R, Mirza S, Abordo M, et al: Predictors of conver-
sion of atrial ﬁbrillation after cardiac operation in the absence of
class I or III antiarrhythmic medications. Ann Thorac Surg 72:694-697,
2001
22. Kaireviciute D, Aidietis A, Lip GY: Atrial ﬁbrillation following
cardiac surgery: Clinical features and preventative strategies. Eur Heart
J 30:410-425, 2009
23. Larsson S, Drca N, Jensen-Urstad M, et al: Combined impact of
healthy lifestyle factors on risk of atrial ﬁbrillation: Prospective study in
men and women. Int J Cardiol 203:46-49, 2015




















INCIDENCE, PRESENTATION AND RISK FACTORS OF LATE POSTOPERATIVE PERICARDIAL 1 
EFFUSIONS REQUIRING INVASIVE TREATMENT AFTER CARDIAC SURGERY 2 
 3 
Niina K. Khan1, Kati M. Järvelä2, Eetu L. Loisa3, Jaakko A. Sutinen3, Jari O. Laurikka2, Jahangir A. Khan2 4 
 5 
1Department of Vascular Surgery, Tampere University Hospital, Tampere, Finland 6 
2Department of Cardio-Thoracic Surgery, Heart Hospital, Tampere University Hospital, Tampere, Finland 7 





Word count: 4,246 13 
 14 
Corresponding author:  15 
Niina Khan 16 
Department of Vascular Surgery, Tampere University Hospital, PO BOX 2000 FI-33521, Tampere, Finland  17 
+3583 311 611 18 
khan.niina@gmail.com 19 





Objectives: Occurrence and risk factors of late postoperative pericardial effusions requiring invasive 23 
treatment, i.e. pretamponade and tamponade, following cardiac surgery are incompletely described in current 24 
literature. The purpose of this study was to define the incidence and presentation of late pretamponade and 25 
tamponade as well as outline significant predisposing factors. 26 
Methods: A cohort of 1,356 consecutive cardiac surgery patients treated in a tertiary academic centre 27 
between January 2013 and December 2014 was followed-up for six months after surgery. Pericardial 28 
effusion was considered late when presenting after the seventh postoperative day. The incidence, timing, and 29 
risk-factors of, as well as symptoms and clinical findings associated with late pretamponade and tamponade 30 
in patients surviving at least seven days was analysed. 31 
Results: Of 1308 patients included in the analysis, 81 (6.2%) underwent invasive treatment for late 32 
postoperative pericardial effusion, 27 (2.1%) for pretamponade and 54 (4.1%) for tamponade, respectively, 33 
with a median delay of 11 (range 8-87) days after the primary operation. Haemodynamic instability was 34 
present in 34.6%, signs of cardiac chamber compression in 54.3%, and subjective symptoms, mostly 35 
dyspnoea, in 56.8% of patients, respectively. Treated patients were younger, had lower Euroscore-II rating, 36 
less coronary disease, better cardiac function, higher preoperative haemoglobin values, and had mostly 37 
undergone elective surgery involving cardiac valves. In multivariable analysis, independent risk factors were 38 
single valve surgery and high preoperative haemoglobin level, while age 60-69 was associated with lower 39 
risk. 40 
Conclusions: Younger, generally healthier patients undergoing valve surgery are at greatest risk for 41 




Keywords: cardiac surgery; cardiac tamponade; complication; coronary artery bypass grafting; incidence; 44 






Postoperative pericardial effusion (PPE) is a common finding after cardiac surgery. Most effusions are small, 49 
asymptomatic, and inconsequential, with reported rates up to 84% of patients in prospective studies and 50 
significantly less in retrospective studies. [1-4] The effusion tends to reach its maximum size by the tenth 51 
postoperative day after which it typically resolves spontaneously [4]. PPE can, however, persist or progress 52 
and ultimately proceed to cause life-threatening cardiac tamponade [5]. Persisting PPE has been found in 53 
approximately one fifth of cardiac surgery patients at postoperative day 20 and the incidence of late cardiac 54 
tamponade is estimated to be between 1% and 2.6% [2, 6-9]. Early postoperative cardiac tamponade is 55 
caused by surgical and/or microvascular bleeding. Late tamponade, per contra, evolves due to progressing 56 
PPE which in turn is connected to postpericardiotomy syndrome, an inflammatory reaction of the 57 
pericardium brought on by the surgical procedure [3, 10, 11]. Late symptomatic PPE, i.e. pretamponade, and 58 
cardiac tamponade necessitate invasive treatment, most commonly pericardiocentesis, percutaneous 59 
drainage, or surgical fenestration. PPE is more common after coronary artery bypass grafting (CABG) than 60 
valve replacement surgery, while the opposite is true for late cardiac tamponade [2, 6, 12]. Current evidence 61 
suggests that early chest tube removal and preoperative anticoagulant therapy as well as female gender are 62 
associated with late PPE and cardiac tamponade [12, 13].  63 
 64 
Late PPE and cardiac tamponade requiring invasive treatment are significant complications of cardiac 65 
surgery increasing the length and number of hospitalisation periods and adding to welfare costs, yet 66 
compared to other established complications of cardiac surgery, such as atrial fibrillation and postoperative 67 
infections, not as thoroughly studied. The incidence of late cardiac tamponade may be underestimated and its 68 
risk factors remain ill defined [6]. Moreover, advances in percutaneous procedures on one hand and the 69 
development of surgical techniques and cardiac anaesthesia on the other have led to cardiac surgery patients 70 
becoming older and more clinically challenging than before emphasizing the need for up to date data. In this 71 
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study we hence sought to determine the incidence and presentation of and risk factors subjecting to late PPE 72 




MATERIALS AND METHODS 75 
 76 
Study design 77 
 78 
This study was a prospective single-centre cohort study of 1,356 consecutive cardiac surgery patients treated 79 
in Heart Hospital, Tampere University Hospital between January 2013 and December 2014 [14]. The series 80 
comprised all elective, urgent and emergency adult cardiac surgery performed at our clinic, including 81 
coronary artery bypass grafting, valve operations, surgery of the aortic root, ascending aorta or aortic arch, 82 
combined procedures, as well as redo-operations. The cohort was followed up for six months after surgery 83 
and the incidence, timing, and symptoms of late PPE requiring invasive treatment were recorded. 84 
 85 
Postoperative echocardiography was performed routinely on all patients during the primary hospitalisation, 86 
usually on the fourth postoperative day, and three months after surgery. If cardiac tamponade or significant 87 
PPE was suspected, ultrasound examination was performed in all patients and the findings were confirmed 88 
by a cardiologist. Patients still on their primary hospital stay, those that were already discharged but become 89 
symptomatic and were readmitted, and those who were diagnosed with significant PPE during routine 90 
follow-up echocardiography were included in the study. Patients not surviving the first seven days were 91 
excluded from the analysis, as they could not develop late complications. The patients were treated according 92 
to clinic standards and were not included in any interventional studies. During the study period, pericardial 93 
drains were usually removed the morning of the first postoperative day unless they still produced significant 94 
(>50ml/h) volumes. Routine closure of the pericardium or posterior pericardiotomy were not performed at 95 
our clinic at the time. Epicardial pace wires were inserted at the end of each operation in all patients, and if 96 
no conduction disturbances were present, were usually removed on the fourth postoperative day. All patients 97 
received a prophylactic dose of low molecular weight heparin (LMWH) daily for the duration of the hospital 98 
period or until warfarin therapy was at a therapeutic level. In patients with chronic or new and recurring or 99 
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prolonged atrial fibrillation the LMWH dose was increased, and if not already prescribed, the initiation of 100 
warfarin was contemplated. Warfarin was prescribed for all patients undergoing valve surgery, initially for 101 
three months in patients undergoing valve repair with ring or implantation of a bioprosthetic valve, and 102 
indefinitely in patients in whom mechanical valves were implanted. 103 
 104 
Definition and classification of late postoperative pericardial effusions 105 
 106 
The indication for invasive treatment was a pericardial effusion of significant size (>10mm) associated with 107 
haemodynamic instability, signs of chamber compression in cardiac ultrasound, subjective symptoms, and/or 108 
an effusion significantly increasing in size during follow-up so that intervention was considered necessary. 109 
Postoperative pericardial effusions were considered late when the need for treatment occurred after the 110 
seventh postoperative day. The treated effusions were classified as causing either cardiac tamponade when 111 
associated with haemodynamic instability and/or chamber compression in cardiac ultrasound, or as 112 
pretamponade in absence of the aforementioned findings but when causing subjective symptoms or 113 
increasing in size. Whether medical treatment for PPE had been previously initiated was recorded. The width 114 
of the thickest portion of the pericardial effusion at the time of the procedure and the volume aspirated from 115 
the pericardium was recorded, as were the need of later re-interventions. The type of invasive treatment was 116 
subject to surgeon preference and most commonly consisted of surgical fenestration of the pericardium 117 
through left-sided parasternal minithoracotomy or subxiphoid approach, or by ultrasound-guided 118 
percutaneous drainage of the pericardium. The associations of preoperative patient factors, the type of 119 
procedure performed, and the clinical course of the primary hospital period - including relevant laboratory 120 
parameters - with the development of late PPE requiring interventions were analysed. Preoperative 121 
haemoglobin, leukocyte, and creatinine levels were obtained one to three days preoperatively. In addition, 122 
the highest haemoglobin, leukocyte, creatine kinase MB, C-reactive protein, creatinine, and the lowest 123 
haemoglobin and thrombocyte levels during the first seven postoperative days were analysed. In the 124 
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statistical analyses, late tamponade and pretamponade were analysed together when associations and risk 125 
factors were measured. 126 
 127 
This study was performed according to the Helsinki Declaration and institutional review board approval was 128 
obtained prior to the study. Statistical analyses were carried out using SPSS 16.0 statistical software for 129 
Windows. Univariable analyses were performed using the chi square test and Fisher’s exact test for 130 
categorical data and the Mann-Whitney U-test for comparing the medians between groups in non-categorical 131 
data. All statistically significant parameters in univariable analysis were subjected to multivariable analysis 132 






Out of 1,356 operated patients 48 (3.5%) did not survive the first seven days and the final study cohort 137 
consisted of the remaining 1308 patients. Of these, nine (0.7%) were redo-cases. The combined in-hospital 138 
and 30-day mortality rate for included patients was 28 (2.1%). During the six month follow-up, invasive 139 
procedures for late pericardial effusions were performed on 81 (6.2%, 95% CI 4.9-7.5%) patients, of which 140 
none were after redo-operations. PPE was treated by surgical fenestration in 69 (85%) patients and by 141 
percutaneous drainage in 12 (15%) patients. Fifty-four (4.1%; 95% CI 3.1%-5.2%) patients were classified 142 
as having cardiac tamponade and 27 (2.1%; 95% CI 1.3-2.8%) patients as pretamponade. After treatment the 143 
condition recurred and required another pericardial intervention in six (7%) patients during follow-up. The 144 
rates of late tamponade and pretamponade according to the type of surgery performed is presented in Table 145 
1. 146 
 147 
The median delay between the primary operation and the treatment of late tamponade or pretamponade was 148 
11 (range 8-87) days. At the time of intervention, the median maximal width of the effusion was 25mm 149 
(range 10-60mm), and the median amount of pericardial fluid initially aspirated was 500ml (range 200-150 
2000ml). Medical treatment for PPE had been started prior to the intervention in eight (9.9%) patients. 151 
Haemodynamic instability was present in 28 (34.6%) patients, signs of cardiac chamber compression in 44 152 
(54.3%) patients, and subjective symptoms, mostly dyspnoea (Figure 1), in 46 (56.8%) patients. Altogether 153 
18 patients were asymptomatic, haemodynamically stable and without evidence of chamber compression in 154 
cardiac ultrasound, but underwent invasive treatment when the amount of pericardial fluid significantly 155 
increased during follow-up. 156 
 157 
The preoperative characteristics of patients that developed late tamponade or pretamponade and other 158 
patients are compared in Table 2. Patients who required interventions for late PPE were statistically 159 
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significantly younger, typically underwent elective surgery, had lower median Euroscore-II rating, and had a 160 
lower prevalence of coronary disease, impaired left ventricular ejection fraction, and preoperative β-blocker 161 
medication, as well as higher median blood haemoglobin and lower median leukocyte levels when compared 162 
to other patients. The median aortic cross-clamp time and the median duration of perfusion were longer in 163 
patients who developed late tamponade or pretamponade than in other patients, 103 vs. 91 minutes, p=0.002, 164 
and 133 vs. 118 minutes, p=0.001, respectively. Postoperative use of non-autologous blood products, i.e. 165 
thrombocytes, erythrocytes, and/or fresh frozen plasma, was not associated with the development of late 166 
tamponade or pretamponade, but the median volume of returned autologous erythrocytes through the cell-167 
saving suction system was higher, 1240 vs. 950ml, p=0.001, and the median drainage through chest tubes 168 
was lower, 600 vs. 720ml, p=0.021, in patients treated for late PPE. 169 
 170 
Late tamponade or pretamponade was more frequent in patients who developed postoperative atrial 171 
fibrillation than in other patients, 7.5% vs. 4.5%, p=0.028, but was not associated with the development of 172 
infectious complications, stroke, or in-hospital and 30-day mortality. The highest median plasma creatine 173 
kinase MB -isoenzyme concentration and the highest median blood leukocyte level during the first seven 174 
postoperative days were higher, 42 vs. 34µg/L, p=0.005, and 12.4 vs. 11.9*109/L, p=0.045, and the median 175 
minimum thrombocyte concentration lower, 95 vs. 109*109/L, p=0.013, respectively, in patients treated for 176 
late tamponade or pretamponade than in other patients. There were no statistically significant differences in 177 
the postoperative C-reactive protein, creatinine or haemoglobin levels. The independent risk factors for late 178 
tamponade or pretamponade in multivariable analysis were single valve surgery and high preoperative 179 






Research concerning PPE is thus far mainly focused on postpericardiotomy syndrome but investigating the 184 
resource consuming late PPE and cardiac tamponade that necessitate invasive treatment would seem more 185 
clinically relevant. Furthermore, it has been suggested that the incidence of late cardiac tamponade is 186 
underestimated [6]. In the present study we determined the incidence and presentation of late PPE requiring 187 
invasive treatment, i.e. pretamponade and tamponade, in a cohort of modern cardiac surgery patients and 188 
identified significant predisposing risk factors. PPE was considered late when the need of intervention 189 
occurred after the seventh postoperative day. As early tamponades caused by postoperative bleeding were 190 
treated within the first days and the patients underwent routine echocardiography - usually four days after 191 
surgery - significant early pericardial effusions were either treated or excluded before the seventh 192 
postoperative day and the results should accurately reflect cases in which the effusion developed after the 193 
initial postoperative period, presumably by an inflammatory mechanism. 194 
 195 
The higher incidence of late cardiac tamponade and pretamponade found in this study compared to previous 196 
publications, 6.2% versus 1-2.6%, respectively, can be due to several factors [2, 6-9]. Firstly, the number of 197 
valve operations has increased while the number of CABG operations has decreased and late cardiac 198 
tamponade is known to be more common after valve surgery than CABG [2, 6, 12]. Secondly, pericardial 199 
drains were habitually removed in the morning of the first postoperative day with the objective of reducing 200 
postoperative infections but this practice can have increased the incidence of late pretamponade and cardiac 201 
tamponade as early removal of drains after cardiac surgery is associated with PPE requiring invasive 202 
treatment [13]. Thirdly, the incidence of postoperative atrial fibrillation (POAF) seems to be rising [14], 203 
which consequently increases the use of anticoagulants. Preoperative anticoagulant therapy has been found 204 
to increase late cardiac tamponade and it is possible that postoperative administration of these drugs would 205 
have the same effect [2, 12]. However, preoperative atrial fibrillation, usually associated with 206 
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anticoagulation, was not statistically significantly connected with the development late pretamponade or 207 
tamponade in this study. Finally, the follow-up of cardiac surgery patients has improved and 208 
echocardiography surveillance is likely to be more frequent enabling better detection of late PPE and timely 209 
patient referral for treatment. There may be some variance in the number of patients treated for postoperative 210 
complications in other hospitals between studies. While some of our patients may have been treated in other 211 
hospital districts, we believe this number to be very small in our setting. 212 
 213 
Univariable analyses demonstrated late cardiac pretamponade or tamponade requiring invasive treatment to 214 
be a problem of younger, generally healthier patients with a lower prevalence of coronary disease and higher 215 
preoperative haemoglobin levels. The fact that these patients appear "better" in several aspects could be 216 
mainly attributed to age. It is possible that the effect of age is mediated through the inflammatory response 217 
brought on by the cardiac procedure which could vary between age groups although pro-inflammatory 218 
cytokine levels in the young and elderly have not been found to differ after CABG [15]. Contrary to prior 219 
knowledge, the present study found no gender difference in the incidence of late pretamponade or tamponade 220 
[12] The study population was, however, predominantly male, and therefore possibly underpowered in this 221 
regard. The longer median aortic cross-clamp time and duration of perfusion in patients treated for late PPE 222 
and tamponade may be associated with increased systemic inflammatory response. Interestingly, tamponade 223 
and pretamponade patients received more returned autologous erythrocytes via cell-saving suction system 224 
than other patients, possibly related to the length and type of procedure, as suggested by longer aortic cross-225 
clamp time and duration of perfusion, and/or higher amount of perioperative bleeding and blood loss in these 226 
patients. According to previous studies the systemic levels of proinflammatory markers tend to be lower after 227 
cell saver use compared to direct retransfusion from the suction and cardiopulmonary bypass circuit [16, 17]. 228 
The present study found the amount of drain secretion to be lower in patients having to undergo treatment for 229 
late PPE and cardiac tamponade than patients free from this complication. Whether postponing chest tube 230 
removal in these patients would have enabled more complete pericardial drainage and inhibited later 231 




Postoperatively pretamponade and tamponade patients demonstrated a greater creatin kinase MB -isoenzyme 234 
reaction compared to other patients. This can depict marginally greater myocardial damage or be associated 235 
with valve operations such as mitral valve repair, where cardiac chambers are opened. Additionally, the peak 236 
postoperative blood leukocyte levels were higher in patients treated for late PPE and cardiac tamponade, 237 
which potentially reflects a more severe inflammatory response after surgery in these patients.  238 
 239 
Multivariable analysis found single valve surgery and high preoperative haemoglobin level to be independent 240 
risk factors for late pretamponade and tamponade. The effect of valvular surgery is in line with previous 241 
literature and is usually considered to be associated with anticoagulant therapy [2, 6, 12]. The intended or 242 
unintended opening of the left pleura when preparing the left mammary artery during CABG and consequent 243 
drainage of pericardial fluid through pleural drains via the pleural cavity might offer an additional 244 
explanation. This is supported by the finding that posterior pericardiotomy can prevent late PPE and cardiac 245 
tamponade requiring invasive treatment [18, 19]. The risk of postoperative tamponade or pretamponade was 246 
lower in patients aged 60-69 when compared to younger patients, which is a new discovery. The role of 247 
elevated preoperative haemoglobin as a risk factor for late pretamponade and tamponade is an interesting 248 
finding that to the best of our knowledge is unprecedented and merits further research. The occurrence of late 249 
PPE requiring interventional treatment was relatively high in our material. Based on the results of the present 250 
study, we chose to lengthen the time chest tubes were kept in place after surgery and will report its effect 251 
separately. 252 
 253 
The main limitation of the current study is that only patients invasively treated for late PPE were included 254 
and the number patients with significant late effusions that resolved spontaneously or were medically 255 
managed is not known because many of these patients were treated in district hospitals. Most cases with 256 
significant PPEs in the series were treated relatively early, within two weeks, and the study did not have 257 
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enough statistical power to compare those with extremely late cases. Also, additional analyses of pericardial 258 
fluid or pericardial tissue samples could have offered further information concerning the aetiology of the 259 
postoperative effusions and should be included in future studies. Finally, this was a single-centre study and 260 
the results may reflect local patient selection and/or treatment protocols restricting the generalizability of the 261 
results.  262 
 263 
In conclusion, we described the incidence, presentation, and risk factors of late pretamponade and tamponade 264 
after cardiac surgery in a large cohort of consecutive patients. The condition mostly affects young, low-risk 265 
patients undergoing valve surgery. The pathophysiology of and methods for preventing late tamponade 266 




CONFLICTS OF INTEREST 269 
 270 
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 279 
Figure 1. The dominant signs in patients with subjective symptoms presenting with late tamponade or 280 


















Table 1. The occurrence of late postoperative tamponade or pretamponade within six months after cardiac 297 









CABG* 1.3% 0.4%-2.3% 0%  
Single valve 6.6% 4.2-9.0% 3.9% 2.0-5.8% 
Multiple valve 4.3% 0-9.2% 5.7% 0.1-11.3% 
CABG* and 
valve 
2.5% 0.1-4.9% 2.5% 0.1-4.9% 
Aortic** surgery 9.3% 4.0-14.7% 1.7% 0-4.1% 
*Coronary artery bypass grafting 299 
**Includes surgery of the aortic root, ascending aorta and aortic arch as well as operations with concomitant 300 




Table 2. The associations of preoperative variables and the development of late postoperative tamponade or 303 
pretamponade 304 




Male (%) 882 (71.9%) 61 (75.3%) 0.506 
Median age (range) 68 (19-89) 65 (25-85) 0.007 
Urgent or emergency surgery (%) 373 (30.4%) 15 (18.5%) 0.023 
Median Euroscore-II (range) 1.85 (0.49-86.83) 1.74 (0.50-15.53) 0.033 
NYHA 3-4 (%) 297 (26.3%) 16 (21.9%) 0.492 
Median BMI (range) 26.8 (10.5-61.3) 27.8 (16.8-43.0) 0.156 
Coronary disease (%) 783 (63.8%) 27 (33.3%) <0.001 
LVEF <50% (%) 232 (18.9%) 7 (8.6%) 0.017 
Hypertension (%) 801 (65.3%) 46 (56.8%) 0.121 
Diabetes (%) 298 (24.3%) 12 (14.8%) 0.052 
Dyslipidemy (%) 725 (59.1%) 41 (50.6%) 0.134 
Preoperative atrial fibrillation1 (%) 285 (23.2%) 24 (29.6%) 0.189 
Chronic lung disease (%) 132 (10.8%) 9 (11.1%) 0.854 
Active smoking (%) 172 (14.0%) 11 (13.6%) 0.912 
Median preoperative creatinine level 
µmol/L (range) 
83 (34-1036) 84 (48-206) 0.920 
19 
 
Median preoperative haemoglobin g/L 139 (82-178) 143 (104-180) 0.025 
Median preoperative leukocyte *109 6.9 (2.0-112.0) 6.4 (4.0-25.0) 0.043 
Preoperative statin (%) 697 (56.8%) 39 (48.1%) 0.128 
Preoperative β-blocker (%) 793 (64.6%) 37 (45.7%) 0.001 




Table 3. Risk factors for late postoperative pericardial effusions requiring invasive treatment after cardiac 307 
surgery in multivariable analysis. Significant associations are highlighted. Included variables represent those 308 
with statistically significant associations in univariable analysis. 309 
 Odds Ratio 95% Confidence interval 
Single valve1 4.34 1.08-17.45 
Multiple valve1 5.17 0.91-29.34 
CABG and Valve1 2.76 0.65-11.74 
Aortic1 3.97 0.74-21.20 
Urgent or emergency surgery 0.57 0.22-1.48 
Median Euroscore-II 1.01 0.93-1.10 
Age 50-592 0.69 0.25-1.87 
Age 60-692 0.31 0.10-0.94 
Age 70-792 1.10 0.39-3.13 
Age ≥802 0.73 0.17-3.06 
Coronary disease 0.71 0.26-1.96 
LVEF3 <50% 0.50 0.16-1.52 
Preoperative β-blocker 0.67 0.35-1.27 
Median preoperative haemoglobin 1.03 1.00-1.05 
Median preoperative leukocyte level 0.92 0.78-1.10 
21 
 
Median aortic cross-clamp time 1.00 0.99-1.02 
Median perfusion time 1.00 0.98-1.01 
Median highest postoperative leukocyte level4 1.07 0.98-1.16 
Median highest postoperative creatine kinase MB4 1.00 1.00-1.01 
Median lowest postoperative thrombocyte level4 1.00 0.99-1.01 
Median volume of returned autologous erythrocytes 1.00 1.00-1.00 
Median chest tube production 1.00 1.00-1.00 
1Baseline group isolated coronary artery bypass grafting 310 
2Baseline age <50 311 
3Left ventricular ejection fraction 312 
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ABSTRACT
Background and Aims: To describe the incidence of and risk factors for postoperative 
infections and the correlation between postoperative hyperglycemia despite tight blood 
glucose control with infectious and other complications after contemporary cardiac surgery.
Material and Methods: The study comprised 1356 consecutive adult patients who 
underwent cardiac surgery between January 2013 and December 2014 and were followed up 
for 6 months. Patients surviving the first 2 days were included in the analysis. Preoperative 
demographic information, medical history, procedural details, and the postoperative 
course were recorded. The target range for blood glucose levels was 4–7 mmol/L and 
repeated arterial blood samples were obtained during the intensive care unit stay. The 
associations of blood glucose levels during the first postoperative day and the occurrence 
of postoperative infections and other significant complications were analyzed.
Results: Of the study cohort, 9.8% developed infectious complications which were classified 
as major surgical site infections in 2.2%, minor surgical site infections in 1.1%, lung infections in 
2.0%, unclear fever or bacteremia in 0.3%, cannula or catheter related in 2.6%, multiple in 1.5%, and 
other in 0.2%. The incidence of deep sternal wound infection was 2.0%. Repeated hyperglycemia 
occurred in 39.7% of patients and was associated with increased rates of postoperative infections, 
12.1% versus 8.2%, p = 0.019; stroke, 4.9% versus 1.5%, p < 0.001; and mortality, 6.1% versus 2.1%, 
p < 0.001, when compared to patients with single or no hyperglycemia.
Conclusion: Every 10th patient develops infectious complications after cardiac surgery. 
Repeated hyperglycemia is associated with increased rates of infectious complications, 
stroke, and mortality.
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INTRODUCTION
Infectious complications are a significant cause of 
morbidity, mortality, and increased healthcare costs 
after major procedures such as cardiac surgery. Besides 
operation-related factors, including extensive opera-
tions, long procedure times, and the use of cardiopul-
monary bypass, cardiac surgery patients are subjected 
to prolonged intubation and mechanical ventilation, 
numerous vascular and urinary catheters, and chest 
tubes contributing to risk of postoperative infections. 
Furthermore, evolution of surgical techniques and 
cardiac anesthesia enables surgery in older patients 
presenting with substantial comorbidities, possibly 
influencing the susceptibility for postoperative com-
plications. The incidence of postoperative infections in 
previous studies ranges from 5.0% to 14.1% (1, 2).
Acute physiologic stress induced by major surgery 
may elevate blood glucose levels even in patients 
without diabetes (3). Hyperglycemia, in turn, is asso-
ciated with impaired wound healing, leukocyte func-
tion, and phagocytosis and has been found to increase 
rates of infectious complications after cardiac surgery 
(4, 5). Implementing tight glycemic control has been 
shown to reduce mortality and morbidity in a surgical 
intensive care unit (ICU) and the incidence of deep 
sternal wound infection (DSWI) after coronary artery 
bypass grafting (CABG) (6, 7). However, in the NICE-
SUGAR study, comprising mostly non-surgical 
patients treated in the ICU, tight glucose control was 
associated with increased mortality (8).
The optimal target range for blood glucose levels 
after cardiac surgery remains unclear and merits fur-
ther research. The aim of this study was to determine 
the incidence and risk factors of postoperative infec-
tions and the correlation between postoperative 
hyperglycemia with infectious and other complica-
tions after contemporary cardiac surgery, both in dia-
betic and nondiabetic patients.
MATERIALS AND METHODS
PATIENTS
This study was an analysis of a cohort of 1356 prospec-
tively collected consecutive patients who underwent 
cardiac surgery in Heart Hospital, Tampere University 
Hospital, Tampere, Finland, between January 2013 
and December 2014 and has been described in a previ-
ous study (9). The cohort included all adult open heart 
surgery performed at our clinic. Preoperative demo-
graphic information, previous medical history, and 
procedure-related details were recorded. The patients 
were treated according to clinical standards and were 
not subjected to any interventions for this study. 
Preoperative antimicrobial prophylaxis in all patients 
without contraindication for its use was Cefuroxime 
3 g intravenously before surgical incision, and an addi-
tional 1.5 g was administered if the duration of the 
procedure exceeded 4 h. After surgery, all patients 
were followed up at the cardiac ICU at least until the 
morning of the first postoperative day, after which 
most patients were referred to either a regular or a 
high-dependency department. Mortalities and the 
occurrence of postoperative complications, including 
infections, need for reoperations, arrhythmias, and 
stroke, were recorded. The diagnosis of postoperative 
stroke was based on computed tomography per-
formed in patients with clinical suspicion of intracra-
nial pathology postoperatively and was confirmed by 
a neurologist in each case.
DIAGNOSIS AND CLASSIFICATION OF 
POSTOPERATIVE INFECTIONS
The occurrence and type of infectious complications, 
results of microbial culture, and the delay after which 
the first symptoms presented following surgery, both 
during the primary hospital stay and repeat hospitali-
zations within 6 months, were recorded. Patients sur-
viving at least 48 h were included in the analysis, as 
those that did not survive the operation and the imme-
diate postoperative period could not develop postop-
erative infections. Clinical signs of infection, such as 
local symptoms, fever, leukocytosis, and increase in 
the serum C-reactive protein concentration, along 
with positive findings in imaging studies and/or 
microbial culture were required for the diagnosis. 
Infectious complications were classified according to 
clinical presentation. DSWIs, empyema, and endocar-
ditis after valve surgery were classified as major surgi-
cal site infections (SSI), while superficial sternal and 
other wound infections were classified as minor SSI. 
Other infections were considered as either pulmonary, 
cannula and catheter related, unclear fever or sepsis, 
or other infections. When more than one infectious 
complication occurred in the same patient, the patient 
was classified as having multiple infections and the 
delay in the onset of the first infection was recorded.
GLYCEMIC CONTROL AND MEASUREMENTS
During the ICU stay, repeated arterial blood samples 
were obtained every 4 h to follow up the hemoglobin, 
arterial gases, pH, glucose, and lactate levels (ABL90 
FLEX blood gas analyzer; Radiometer Medical ApS, 
Brønshøj, Denmark). Additional blood samples were 
analyzed with a hand-held device (FreeStyle Lite; 
Abbott Diabetes Care Inc, Alameda, CA, USA) if frequent 
measurements were needed when values out of target 
range were treated. If insulin treatment was initiated 
in the ICU, we used a high initial bolus dose to pro-
vide enough insulin coverage to reduce blood glucose 
levels to the target range of 4–7 mmol/L followed by 
intravenous insulin infusion adjusted according to 
subsequent blood glucose measurements. This has 
been proved a safe and rapid manner to achieve com-
pliance with the protocol (10). Any hypoglycemic val-
ues were treated promptly with glucose infusion. The 
amount of insulin given and blood glucose levels 
obtained by serial arterial blood samples during the 
first 24 h after surgery in the ICU were recorded. 
The associations between blood glucose levels and the 
amount of insulin given during the first 24 h and post-
operative infections were analyzed using statistical 
methods. Type I and type II diabetics were grouped 
together in the analysis.
This is a descriptive study and consequently no 
preceding power analysis was performed. The study 
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was carried out according to the Helsinki Declaration, 
and institutional review board approval was obtained. 
Statistical testing was done with SPSS 23.0 statistical 
software using the chi-square test and Fisher’s exact 
test to compare proportions in categorical data and the 
Mann–Whitney U test and the Kruskal–Wallis H test 
to compare the differences in medians between 
groups. Multivariable analysis was performed using 
binary logistic regression analysis and by including 
variables with statistically significant associations in 
univariable analysis. A p value <0.05 was considered 
statistically significant.
RESULTS
Of the 1356 patients who underwent cardiac surgery 
during the study period, 1329 (98%) survived the first 
two postoperative days and were included in the anal-
ysis. The demographics of the study population are 
presented in Table 1. Altogether 7% of diabetics in the 
study population had type I diabetes. The main out-
comes for the study patients include a combined 
30-day and in-hospital mortality of 3.7%, a stroke rate 
of 2.9%, reoperations for bleeding and other complica-
tions in 13.2%, postoperative atrial fibrillation in 
45.4%, and infectious complications in 9.8%. The 
median length of postoperative hospitalization was 6 
(range 0–53) days including one patient referred for 
heart transplantation postoperatively.
POSTOPERATIVE INFECTIONS
The occurrence of postoperative infections and infec-
tion types is shown in Table 2, excluding unclear fever 
or bacteremia detected in 0.3% and other infections 
observed in 0.2% of patients. The most common path-
ogens detected per infection type are shown in Fig. 1. 
Increased infection rates were observed after urgent or 
emergency surgery, in patients with impaired left ven-
tricular function, in those aged 70 years or more, and 
in patients with body mass index (BMI) ≥ 27 kg/m2. 
Pulmonary infections were more common in non-elec-
tive cases and in patients with higher New York Heart 
Association Functional Classification (NYHA) score 
and worse left ventricular ejection fraction. Higher 
BMI was associated with increased rates of SSIs, while 
females and patients aged 70 years or more showed 
higher rates of cannula and catheter-related infections. 
The rate of DSWI in the study was 2.0% and was not 
statistically significantly associated with the type of 
procedure.
The median delay in the development of the first 
symptoms of postoperative infections was 6 (range: 
0–174) days after surgery, 8 (range: 2–174) days for 
major SSI, including one prosthetic valve endocarditis 
presenting within 6 months after operation, 7 (range: 
2–26) days for minor SSI, 3 (range: 1–10) days for lung 
infections, 8 (range: 4–15) days for unclear fever or 
bacteremia, 6 (range: 0–20) days for cannula- and cath-
eter-related infections, 7 (range: 3–177) days for multi-
ple infections, and 3 (range: 2–3) days for other 
infections (p < 0.001). Altogether 17 (1.3%) patients 
were readmitted due to infectious complications after 
primary referral or hospital discharge. In patients with 
postoperative infections, bacterial culture was posi-
tive in 97 (75%) and blood cultures in 18 (14%) patients. 
Patients who developed postoperative infections had 
longer postoperative length of intubation, median 5.8 
versus 4.3 h, p < 0.001; longer primary ICU stay, 
median 1.7 versus 0.9 days, p < 0.001; longer hospitali-
zation, median 11 versus 5 days, p < 0.001; and higher 
combined in-hospital and 30-day mortality, 10.8% ver-
sus 2.9%, p < 0.001. Mortality was 20.7% in patients 
with major SSI, 15.4% in patients with lung infections, 
5.7% in patients with cannula- and catheter-related 
infections, 10% in patients with multiple infections, 
and 0% in patients with other infections (p < 0.001).
HYPOGLYCEMIA
Altogether 16 (1.2%) patients did not receive any insu-
lin, and hypoglycemia did not develop in any of these 
TABLE 1













Elective (%) 931 (70%) 281 (53%) 361 (88%) 58 (81%) 124 (76%) 89 (71%)
NYHA 3 or 4 (%) 323 (24%) 168 (32%) 60 (15%) 17 (24%) 37 (23%) 33 (26%)
Median Euroscore 2 (range) 1.8 (0.5–86.8) 1.7 (0.5–52.6) 1.3 (0.5–21.6) 3.1 (0.6–28.6) 2.9 (0.6–56.4) 3.0 (0.5–86.8)
Male (%) 955 (72%) 418 (79%) 260 (63%) 46 (64%) 115 (70%) 99 (72%)
Median age (range) 68 (19–89) 68 (40–89) 68 (19–88) 71 (22–85) 74 (42–87) 63 (28–79)
Median BMI (range) 27 (10–60) 27 (17–60) 27 (10–60) 27 (14–45) 27 (17–41) 26 (19–61)
Median LVEF (range) 59 (19–84) 55 (19–80) 60 (25–84) 60 (28–81) 57 (25–82) 60 (20–80)
Coronary disease (%) 825 (62%) 527 (100%) 95 (23%) 16 (22%) 161 (98%) 26 (21%)
Hypertension (%) 859 (65%) 382 (72%) 234 (57%) 35 (49%) 119 (73%) 75 (60%)
Diabetes (%) 314 (24%) 177 (34%) 61 (15%) 13 (18%) 46 (28%) 15 (12%)
Dyslipidaemia (%) 773 (58%) 407 (77%) 173 (42%) 27 (47%) 115 (70%) 44 (35%)
Chronic lung disease (%) 144 (11%) 57 (11%) 44 (11%) 5 (7%) 21 (13%) 16 (13%)
CABG: coronary artery bypass grafting; NYHA: New York Heart Association Functional Classification; BMI: body mass index; LVEF: left 
ventricular ejection fraction.
aIncludes aortic root, ascending aorta, and aortic arch procedures with or without bypass and/or valve surgery.
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patients. A total of 101 (7.6%) patients were hypogly-
cemic (B-gluc < 4 mmol/L) during the study, and of 
these, 91 (6.8%) patients were hypoglycemic once, 9 
(0.7%) patients twice, and 1 (0.1%) patient three times. 
Hypoglycemia was not associated with the type of 
procedure performed or with postoperative infec-
tions, in-hospital mortality, stroke rate, length of hos-
pitalization, or postoperative atrial fibrillation.
HYPERGLYCEMIA
Hyperglycemia (B-gluc > 7 mmol/L) occurred in 915 
(68.8%) patients and was detected once in 388 (29.2%) 
patients, twice in 237 (17.8%) patients, and three or 
more times in 290 (21.8%) patients. Repeated hyper-
glycemia was observed more frequently in patients 
with diabetes than in other patients, 53% versus 36%, 
p < 0.001, respectively. The median BMI was also 
higher in patients with repeated hyperglycemia com-
pared to other patients, 27.7 versus 26.3 kg/m2, 
p < 0.001, respectively. Repeated hyperglycemia was 
associated with increased occurrence of postoperative 
infections, 12.1% versus 8.2% in patients with single or 
no hyperglycemia (p = 0.019; Fig. 2). There were no sta-
tistically significant associations with the type of infec-
tion. The median average blood glucose concentration 
in all patients was 6.1 mmol/L (range: 4.0–11.6 mmol/L) 
and higher in patients with postoperative infections 
(6.3 versus 6.1 mmol/L, p = 0.026) and in patients with 
diabetes (6.3 versus 6.1 mmol/L, p < 0.001). The aver-
age amount of insulin given was higher in diabetics 
than in other patients (1.9 versus 1.5 IU/h, respec-
tively, p < 0.001), but was not statistically significantly 
associated with later infections. In addition, repeated 
hyperglycemia was also associated with increased 
rates of stroke (4.9% versus 1.5%) in patients with sin-
gle or no hyperglycemia (p < 0.001) and combined in-
hospital and 30-day mortality (6.1% versus 2.1%, 
p < 0.001, respectively). In multivariable analysis 
(Table 3), repeated hyperglycemia was independently 
associated with increased risk of postoperative infec-
tions.
DISCUSSION
The overall incidence of postoperative infections in 
our patient population was 9.8%, the majority of 
which were cannula and catheter related, SSIs, pulmo-
nary infections, and concordant with previous litera-
ture. The rate of DSWI in the series, 2.0%, was also 
standard. Significant variance in pre- and postopera-
tive antibiotic prophylaxis protocols exists between 
different cardiac surgery programs and the issue is 
still controversial, perhaps subject to local circum-
stances, patient material, and clinical practices (11–13). 
Our protocol consisting of only a single dose of 
TABLE 2
The occurrence of postoperative infections and the most important infection types in study patients as well as the most important patient subgroups.
Any postoperative 
infection
Major SSI Minor SSI Lung infection Cannula or 
catheter related
Multiple infections 
All patients 9.8% 2.2% 1.1% 2.0% 2.6% 1.5%
CABG 8.9% 2.5% 0.9% 2.1% 1.7% 1.1%*
Single valve 8.8% 2.0% 1.0% 0.7% 3.4% 1.2%*
Multiple valve 12.5% 0% 0% 4.2% 4.2% 2.8%*
CABG and valve 15.9% 3.0% 2.4% 3.0% 3.0% 4.3%*
Aortic 8.7% 2.4% 0.8% 3.2% 2.4% 0%*
Elective 8.6%* 2.0% 0.9% 1.3%** 2.7% 1.3%
Urgent or emergency 12.6%* 2.5% 1.5% 3.5%** 2.5% 2.0%
NYHA 1–2 9.1% 2.1% 1.1% 1.2%** 2.9% 1.2%
NYHA 3–4 12.1% 3.1% 0.9% 3.7%** 1.9% 2.2%
LVEF ≥ 50% 8.8%** 1.8%* 1.1% 1.4%** 2.8% 1.4%
LVEF < 50% 14.3%** 4.1%* 0.8% 4.5%** 2.0% 2.0%
Age < 70 8.1%* 1.5% 1.1% 2.0% 1.7%* 1.3%
Age ≥ 70 11.7%* 2.9% 1.0% 2.0% 3.7%* 1.8%
BMI < 27 8.0%* 1.2%* 0.4%* 1.3% 2.7% 2.1%
BMI ≥ 27 11.5%* 3.1%* 1.5%* 2.6% 2.6% 0.9%
Male 8.9% 2.5% 0.9% 2.3% 1.5%*** 1.0%*
Female 12.0% 1.3% 1.3% 1.1% 5.6%*** 2.7%*
Diabetes 11.1% 2.9% 1.6% 2.2% 2.2% 1.3%
Coronary disease 10.8% 2.4% 1.2% 1.9% 2.9% 1.9%
Hypertension 10.0% 2.0% 1.3% 1.9% 2.8% 1.6%
Dyslipidaemia 9.7% 2.3% 1.4% 1.8% 3.0% 0.9%*
Chronic lung disease 12.5% 2.1% 0.7% 4.2%* 1.4% 4.2%**
SSI: surgical site infection; CABG: coronary artery bypass grafting; NYHA: New York Heart Association Functional Classification; LVEF: 
left ventricular ejection fraction; BMI; body mass index.
Statistically significant differences between opposing groups and per grouping factor, for example, elective versus urgent/emergency and 
the type of procedure, are given in boldface.
*p < 0.05, **p < 0.01, ***p < 0.001.
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Cefuroxime in most patients is conservative compared 
to that of others, but was not associated with increased 
infection rates. Postoperative infections, particularly 
major SSIs, were significantly associated with increased 
mortality, as in other studies (14, 15). Previously, 
immunosuppression, high and low BMI, bilateral 
internal mammary artery grafts, poor cardiac reserve, 
red blood cell transfusions, and postoperative respira-
tory failure have been associated with infectious com-
plications (1, 16–19). In this study, preoperative factors 
that were significantly associated with the develop-
ment of postoperative infections were older age, lower 
left ventricular ejection fraction, higher BMI, and 
urgent or emergency surgery. Patients with longer 
ventilator support times had more postoperative 
infections, suggesting either a causative role or an 
association with other risk factors in these patients. In 
Fig. 1. Classification and distribution of postoperative infectious complications and the most common pathogens detected by bacterial 
culture.
Fig. 2. Proportions of patients with infectious complications 
according to the number of hyperglycemic samples during the first 
day after surgery.
TABLE 3







Age ≥70 years 0.017 1.57 1.09–2.28
BMI ≥ 27 0.103 1.37 0.94–1.99
LVEF < 50% 0.051 1.54 1.00–2.38
Urgent/emergency procedure 0.144 1.34 0.91–1.98
Repeated hyperglycemia 0.031 1.51 1.04–2.19
BMI: body mass index; LVEF: left ventricular ejection fraction.
Factors associated with postoperative infections in univariable 
analysis were included in the model. Statistically significant 
associations in the multivariable analysis are given in boldface.
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contrast to previous studies (20–22), we did not find 
diabetes to be significantly associated with postopera-
tive infections. It is our impression that most diabetics 
in our study cohort were in good glucose control pre-
operatively and we suspect that variance in patients 
referred for surgery between studies might explain 
some of the observed differences. A significant portion 
(13%) of patients with infectious complications devel-
oped symptoms after primary hospital discharge or 
referral, emphasizing the importance of follow-up.
During the study period, we aimed at a strict 
4–7 mmol/L glucose range during intensive care at 
our institution. The median average glucose level over 
the first postoperative day was 6.1 mmol/L in all 
patients and slightly higher, 6.3 mmol/L, in patients 
who developed infectious complications, well within 
target range. Despite that the average glucose level 
was acceptable in most patients, many had one or 
more hyperglycemic measurement. We found that 
repeated hyperglycemia and higher average blood 
glucose concentration despite significant effort toward 
normoglycemia was associated with increased rates of 
postoperative infections, while single hyperglycemia 
was not associated with adverse events. Previously, 
Furnary et al. (23) found 3 mmol/L increase in blood 
glucose to be an independent predictor of DSWI and 
mortality rate, while Omar et al. (24) reported higher 
percentage of out-of-range glucose values in diabetics 
and increased rates of wound infections in these 
patients. Some authors have reported that intensive 
glucose control may offer more benefit in nondiabetics 
compared to diabetics, while others report better out-
comes in diabetics with tight glycemic control (25–28). 
In our study, repeated hyperglycemia was indepen-
dently associated with later infectious complications, 
but whether it directly predisposes to later infections 
or is a surrogate marker of other comorbidities and a 
more severe clinical condition, as suggested by higher 
stroke and mortality rate, and how these patients 
should best be treated remain unclear. In a mixed ICU 
population, the benefits of tight glucose control are 
controversial (7, 8). Hypoglycemia is a potentially 
severe complication of glycemic control associated 
with worse prognosis. In this study, hypoglycemia 
occurred in 7.6% of patients, a smaller percentage than 
usually reported in patients treated with tight glyce-
mic control (29, 30), and was not associated with 
adverse outcomes. Our results, and those of others, 
show that postoperative glycemic control is an impor-
tant facet of patient care. Implementation of novel 
methods for glycemic control, such as continuous or 
semi-continuous blood glucose monitoring systems 
that offer therapeutic guidance, could improve clinical 
outcomes and should be explored.
The main strengths of this study are that we present 
a relatively large cohort of consecutive patients under-
going cardiac surgery including bypass, valve, aortic, 
and combined procedures. Also, we report the actual 
incidence of all postoperative infections in these 
patients, when many authors describe only the occur-
rence of SSIs. Furthermore, we describe real-practice-
based encouraging results obtained with a single-dose 
conservative antibiotic prophylaxis regime and tight 
glucose control which both are still a controversial 
matter in cardiac surgery and intensive care. The main 
limitations of our study are heterogeneity of the study 
population limiting statistical power, the descriptive 
nature of this study, and the absence of a control group 
with alternative treatment.
In conclusion, we report that every 10th patient 
undergoing cardiac surgery develops an infectious 
complication and that mortality in these patients is 
significantly increased. Repeated hyperglycemia 
despite tight glycemic control during the first postop-
erative day is associated with increased risk of postop-
erative infections, stroke, and mortality.
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Background: Individuals treated for abdominal aortic aneurysms (AAAs) are high-risk patients in 
whom better risk prediction could improve survival. Contemporary serum lipid parameters, such as 
apolipoproteins and lipoprotein subfractions, may improve or complement the prognostic value of 
traditional serum lipids. The aim of this study was to ascertain the extended serum lipid profiles, 
long-term prognosis and their association in AAA patients. 
Methods: Altogether 498 patients treated for AAAs and with available serum lipid values were 
retrospectively analysed. Contemporary lipid parameters were estimated using a neural network 
model, the Extended Friedewald formula.  
Results: Younger age, smoking, and urgent or emergency surgery were associated with an 
unfavourable, and coronary disease and previous stroke with a favourable lipid profile. In 
multivariable analysis – in addition to advanced age, aneurysm rupture, smoking, pulmonary 
disease and diabetes – high triglycerides and traditional LDL cholesterol were significant 
independent risk factors for mortality, HR 1.84 (95% CI 1.20–2.81) and 1.79 (95% CI 1.18–2.73), 
respectively, while higher EFW-IDL cholesterol was associated with better survival, HR 0.31 (95% 
CI 0.19–0.65). Including serum lipid parameters improved the prediction of five-year survival 
(NRI=17.7%, p=0.016). 
Conclusions: Extended serum lipid parameters complement risk prediction of patients treated for 
AAAs. An unfavourable lipid profile is associated with treatment of AAA earlier in life and with 





The prevalence of abdominal aortic aneurysms (AAA) is 2.2-4.2% and up to 8.0% in men over 65. 
Individuals with AAAs represent high-risk patients who could benefit from improved methods of 
risk prediction.[1-4] Elective surgery carries a 30-day mortality rate of 4%, whereas emergency 
surgery is associated with rates exceeding 30% [5]. Female sex and advanced age seem to be 
connected to an unfavourable prognosis [6-8]. Elevated mortality is also found in patients with 
comorbidities such as renal insufficiency, congestive heart failure or chronic obstructive pulmonary 
disease (COPD) [9]. Endovascular aortic repair (EVAR) is associated with lower early and similar 
long-term mortality in elective surgery and equal 30-day mortality after ruptured AAA (rAAA) 
when compared to traditional open surgery [10-14]. 
 
Serum lipid parameters have been used to predict survival and morbidity in high-risk populations. 
Conventional lipid parameters comprise directly measured serum triglycerides (TG), serum total 
cholesterol (TC) and high-density lipoprotein cholesterol (HDL-C) along with low-density 
lipoprotein cholesterol (LDL-C) usually estimated with the classic Friedewald formula.[15] 
Particularly LDL-C is considered significant and is included in several guidelines [16]. However, 
Friedewald-based LDL-C estimates represent a combination of LDL-C and intermediate-density 
lipoprotein cholesterol (IDL-C) and become unreliable when serum TG or lipoprotein (a) levels are 
high [15,17]. 
 
Apolipoproteins, key structural and functional components of lipoprotein particles, and lipoprotein 
subfractions, have been proposed as feasible prognostic markers that could improve or complement 
??
?
traditional lipid parameters, and they have been included in modern clinical guidelines [16,18-21]. 
Apolipoprotein A1 (apoA1) is a constituent of HDL-C particles and a prerequisite for the removal 
of excess cholesterol from peripheral tissues in reverse cholesterol transport [22]. Apolipoprotein B 
(apoB) is a structural component in LDL-C, very-low-density lipoprotein cholesterol (VLDL-C) 
and IDL-C [23,24]. ApoA1 and apoB measurements have been used in cardiovascular risk 
assessment and the prediction of postoperative survival after carotid endarterectomy, where the 
inclusion of apoA to apoB ratio provided a net reclassification improvement (NRI) of 0.137 [25,26].  
 
Apolipoprotein, true lipoprotein and lipoprotein subfraction concentrations are laborious to 
measure, but can be accurately estimated using a neural network model named the Extended 
Friedewald formula (EFW). The EFW-derived apoB, apoB to apoA1 ratio (apoB/apoA1), and IDL-
C have been reported to be the best lipid parameter predictors of mortality in patients with type 1 
diabetes.[27] In a working-age population, high-density lipoprotein cholesterol subfraction 2 (EFW-
HDL2-C), apoA1, apoB/apoA1, and very-low-density lipoprotein bound triglycerides (VLDL-TG) 
improved the prediction of non-fatal cardiovascular events and apoB that of cardiovascular 
mortality [28,29]. The aim of this study was to characterise the lipid profiles of AAA patients and 
ascertain the association of traditional lipid parameters and those obtained by means of EFW with 
long-term survival.  
??
?
Materials and Methods 
 
This study comprised patients treated for AAA both electively and in an emergency setting at the 
vascular clinic at Tampere University Hospital (TAUH), Finland, between March 2001 and 
September 2014. The indications for intervention in asymptomatic patients were an aortic diameter 
of 55mm or greater in men and 50mm or greater in women, or an aneurysm diameter growth of 
10mm or more annually. Symptomatic and ruptured AAAs were operated on regardless of diameter. 
The treatment modality, open or endovascular, was chosen by a multi-disciplinary team, and in 
urgent or emergency cases, by the attending vascular surgeon. The elective study patients were 
habitually referred by primary care physicians or other specialists whereas urgent and acute cases 
were admitted through the emergency department. 
 
The study subjects’ demographic information, medical history, procedural details and follow-up 
data were prospectively recorded in an institutional structured database. The patients were classified 
as having dyslipidaemia when the diagnosis was previously established and statins or other lipid 
lowering medications had been prescribed. There was no institutional protocol for initiating statin 
therapy in adjunct to AAA treatment. Patients who had required open vascular or endovascular 
procedures prior to or after AAA treatment were classified as needing multiple procedures. The 
results of serum lipid analysis closest to the index procedure were retrieved from the Fimlab 
Laboratories Ltd database, and patients without available lipid measurements were excluded from 
the analysis. Baseline characteristics, including the age, sex and comorbidities of the included and 
excluded patients, were compared. The interval between lipid measurements and the operation for 
AAA was not restricted. The median time of cholesterol analysis was four days preoperatively, with 
an interquartile range of 390 days, and the majority, more than 90%, of lipid values were obtained 
??
?
within three years prior to or after AAA treatment. There were no statistically significant 
differences in the time points of lipid analysis between elective and urgent or emergency cases. 
Serum TG, TC and HDL-C were obtained by direct measurements from fasting venous blood 
samples, and LDL-C was calculated using the classic Friedewald formula [15]. VLDL-TG, pure 
IDL-C, pure LDL-C, HDL2 subfraction, ApoA1 and ApoB were estimated using EFW. Glomerular 
filtration rate (GFR) was estimated with the Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation [30]. The cohort was followed up until April 2015. The serum lipid profiles in 
all patients and the most important patient subgroups were ascertained, and the associations 
between serum lipid parameters and survival, as well as their value in risk prediction were analysed. 
 
The study was performed according to the Declaration of Helsinki. Institutional review board 
approval was obtained. The statistical analyses were performed using SPSS 16.0 for Windows and 
R statistical software version 3.2.0. The statistical significance level was set at p<0.05. Univariable 
analysis was performed using the chi square test for categorical variables and the Mann-Whitney U 
test for nonparametric scale variables. Survival was analysed with multivariable stepwise Cox 
Regression analysis, prior to which inverse normal transformation was applied to the lipid 
parameters and GFR in order to reduce heteroscedasticity. Stepwise regression analysis was 
performed in forward and backward directions, and, otherwise, default criteria for stepAIC function 
were used. Risk factors for multiple vascular interventions were analysed with multivariable logistic 
regression. The predictive value of serum lipid parameters was analysed by calculating continuous 
NRI when including them with other factors associated with survival in the multivariable analysis. 
NRI was obtained using the R function IDI.INF in the survIDINRI package. A time point of five 





Patient characteristics and vascular surgical burden 
 
During the study period, 959 patients were treated for AAA at TAUH. Laboratory values were 
available for 498 patients, who formed the final study population. Sixty (12%) patients were female. 
The median age was 73 (range 44–92) years. Previous diagnoses included hypertension in 312 
(63%), CAD in 206 (41%), dyslipidaemia in 167 (34%), pulmonary disease in 103 (21%), diabetes 
in 85 (17%), previous stroke or transient ischemic attack (TIA) in 62 (12%), and renal insufficiency 
in 45 (9%) patients. Smoking within 5 years prior to AAA treatment was present in 124 (25%) 
patients, and previous vascular surgical reconstruction(s) had been performed on 37 (7%) 
individuals. Seventy-two (14%) patients had aneurysm rupture. The excluded patients were slightly 
older (median age 75, p=0.003) and had a lower prevalence of diabetes (12%, p=0.032) and a 
higher prevalence of CAD (48%, p=0.048).  
 
Endovascular treatment was chosen for 238 (48%) patients and open surgery for 260 (52%). The 
median follow-up time was 6.6 (range 0.5–14.0) years. A total of 89 (17.9%) patients had required 
multiple procedures. EVAR was associated with increased vascular surgical burden (OR 2.52, 95% 
CI 1.43–4.55), while older age and better GFR had the opposite effect (OR 0.96, 95% CI 0.92–0.99, 





Serum lipid profiles 
 
Serum lipid values and EFW estimates are shown in Table 1. Significant differences in serum lipid 
profiles were found according to sex, age, the urgency and modality of operative treatment, as well 
as medical history. The key findings included a higher serum HDL-C, EFW-HDL2 subfraction and 
EFW-ApoA1, but also elevated TC and TG, in women compared to men. Women were also older 
than men, with median ages of 76 and 73, respectively, p<0.001. Overall, age under 70 years was 
associated with a more unfavourable lipid profile in comparison to older patients. Smokers along 
with patients undergoing urgent or emergency operations had higher serum TC, LDL-C and EFW-
LDL-C. The prevalence of dyslipidaemia was statistically significantly higher in patients with vs. 
without diabetes, 45% vs. 31%, p=0.017, respectively, and in patients with vs. without CAD, 44% 
vs. 26%, p<0.001, respectively. A similar non-significant trend was observed in patients with 
previous stroke. Patients with dyslipidaemia, diabetes, CAD, and stroke had significantly lower 
concentrations of TC, LDL-C and EFW-LDL-C. However, both dyslipidaemia and diabetes were 
associated with higher TG and EFW-VLDL-TG, with diabetics also displaying lower HDL-C and 
EFW-HDL2 compared to non-diabetics. 
 
Survival and the effect of serum lipid values 
 
Survival for all patients as well as the patient subgroups is presented in Table 2. Age under 70 years 
was associated with improved survival at all time points. Furthermore, at 6 months’ follow-up, 
EVAR, elective surgery, freedom from diabetes, dyslipidaemia, and freedom from renal 
insufficiency were also linked to better survival. The association of elective surgery with improved 
???
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survival persisted at 3 years of follow-up. At 5 years, dyslipidaemia was again connected to 
decreased mortality. Pulmonary disease, on the other hand, was associated with increased mortality 
at this time point and continued to do so at 10 years’ follow-up. Hypertension was also associated 
with increased mortality at 10 years of follow-up. At 6 months, 3 years and 10 years, no statistically 
significant differences in traditional or EFW serum lipid values were found between survivors and 
non-survivors. Surprisingly, at the 5-year follow-up, survivors had lower HDL-C, HDL2 subfraction 
and ApoA1 values compared to non-survivors, with median values of 1.14 (range 0.68–2.29) vs. 
1.20 (range 0.68-2.41), p=0.019, 0.66 (range 0.31–1.80) vs. 0.72 (range 0.34–1.90), p=0.016, and 
1.35 (range 1.02–2.08) vs. 1.40 (range 0.99–2.21), p=0.022, respectively. 
 
In multivariable analysis (Table 3), older age at admission, aneurysm rupture, active or previous 
smoking within five years, pulmonary disease and diabetes were associated with increased 
mortality. Conversely, patients with dyslipidaemia had lower mortality rates. Furthermore, LDL-C 
and TG were linked to greater mortality, whereas EFW-IDL-C was associated with a significantly 
lower mortality rate (Table 3). Applying TG, LDL-C and EFW-IDL-C, in addition to the other 
factors independently associated with survival, in the prediction of five-year mortality provided a 
continuous NRI of 17.7% (95% CI 2.2–27.7%, p=0.016). When comparing TG and LDL-C to 
EFW-IDL-C it was noted that neither the first two nor EFW-IDL-C alone had a significant effect on 
NRI. Including EFW-IDL-C in addition to TG, LDL-C and other independent risk factors yielded a 
better continuous NRI of 16.8% (95% CI 1.4–27.3%, p=0.028). However, a similar change was not 
found when including TG and LDL-C with EFW-IDL-C accompanied by other risk factors. This 
suggests that EFW-IDL-C is at least as valuable in risk prediction as TG and LDL-C combined. 
Survival at different time points according to the number of significant independent risk factors is 
presented in Figure 1. None of the investigated serum lipid parameters correlated with the need for 





Contemporary serum lipid parameters, such as apolipoproteins and lipoprotein subfractions, may be 
superior or complementary to the traditionally used lipid parameters in cardiovascular risk 
prediction [18-21]. This study outlined the serum lipid profiles of patients operated on for AAAs 
and their association with survival and was the first to investigate novel computationally estimated 
EFW serum lipid parameters in a vascular surgical patient cohort.  
 
The study patients had higher median LDL-C than recommended for patients with peripheral 
arterial disease, although the median serum TC, HDL-C and TG levels were acceptable [31]. 
However, no recommendations presently exist for optimal lipid levels for AAA patients [21]. In this 
study, women had higher serum HDL-C and ApoA1, while still presenting with higher TG levels. 
Younger patients treated for AAAs had a more unfavourable serum lipid profile than older patients, 
suggesting a possible role of serum lipids in the earlier development of AAA. A similar finding 
regarding TC and LDL-C was found in smokers and individuals undergoing urgent or emergency 
surgery. Dyslipidaemia, diabetes, CAD and stroke were associated with lower instead of higher TC, 
LDL-C and EFW-LDL-C, which is likely to be explained by concomitant statin therapy.  
 
Dyslipidaemia was associated with improved survival, which may be attributed to statin use as well 
as more careful follow-up and treatment of comorbidities. Statin therapy has been found to improve 
postoperative survival and is currently recommended for all patients undergoing AAA treatment 
[32,33]. Aneurysm rupture, advanced age, smoking, pulmonary disease and diabetes were 
associated with increased mortality, which is in line with previous studies [5-9]. Acute and urgent 
???
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cases sometimes presented without prior healthcare contacts and suboptimal treatment of 
comorbidities. Although comorbidities and age influence survival appreciably, multivariable 
analysis was still able to demonstrate statistically significant independent associations of lipid 
parameters with mortality. EFW-IDL-C was associated with a significant reduction in mortality, 
whereas LDL-C and TG correlated with increased mortality. Data on the role of IDL-C in 
predicting cardiovascular risk is thus far limited and unclear. Findings from the RESOLVE trial 
[34] showed that patients with metabolic syndrome had a lower baseline IDL-C than healthy 
controls, although no association between atherosclerosis and IDL-C was found. In a recent study 
on patients with acute myocardial infarction, IDL-C was associated with reduced mortality in two-
year follow-up (HR 0.80 for 1-SD increase in IDL-C, 95% CI 0.67–0-96) [35]. The present study 
found a HR for mortality of 0.36 for computationally estimated EFW-IDL-C, which suggests a 
protective role. EFW-IDL-C was also found to improve the prediction of mortality in patients 
treated for AAAs. Contrarily, Niemi et al. [27] stated EFW-IDL-C to be a significant risk factor for 
mortality in patients with type 1 diabetes. The present study did not differentiate between type I and 
II diabetics, and the total number of diabetes patients was only 85 (17.1%). There was no 
statistically significant difference in EFW-IDL-C values between diabetics and non-diabetics. As 
the findings concerning IDL-C are controversial they should be interpreted with caution. Traditional 
LDL-C was significantly associated with increased mortality, with a HR of 1.77, which agrees with 
current clinical knowledge [16,36].  Why a similar association was not found for EFW-LDL-C, 
although the values of these parameters correlate significantly, remains unclear. Moreover, as IDL-
C is a part of the same endogenous cholesterol pathway as LDL-C, the opposing associations with 
mortality demonstrated in this study require further investigation. The association of serum TG with 




The main limitations of this study were its retrospective nature, the fact that the time interval 
between lipid measurements and AAA treatment varied, and that, in a significant portion of the 
treated patients, no lipid values were available, possibly causing patient selection. While the 
acquisition of lipid parameters over an extended period may have caused bias, it did, however, 
provide a good overall estimate of the lipid profiles and, as serum lipid values measured in an acute 
setting are likely to be inaccurate [36], also avoided a possible systematic error. The exact type and 
dosage of statins or other lipid-lowering medications as well as patient compliance was not 
controlled for in the study, but it is the impression of the authors that, for the majority of patients 
with dyslipidaemia, statins or other lipid lowering medications had been prescribed, as supported by 




This study ascertained the serum lipid profiles and long-term survival of a contemporary cohort of 
patients undergoing interventional treatment for AAAs and, for the first time, included 
computationally estimated EFW lipid parameters in vascular surgical patients. An unfavourable 
lipid profile was associated with the need for surgical treatment at a younger age and worse 
survival. Applying these lipid parameters can provide an adjunct to risk prediction in patients 
treated for AAAs, and investigating computationally estimated EFW parameters is worthwhile in 
future AAA studies and in other high-risk patients as well. The results of this study highlight the 
importance of serum lipid profiles and suggest a need for specific guidelines concerning lipid 
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Table 1. Serum lipid values and lipid estimates obtained with the Extended Friedewald formula in patients 
treated for abdominal aortic aneurysms. Median values and ranges are shown for all patients and the most 
important patient subgroups. Statistically significant differences between opposing subgroups (i.e. male vs. 
female, diabetes vs. no diabetes, etc.) are highlighted. 

















































































































































































































































































































































































































































































































































*p ? 0.05, **p ? 0.01, and ***p ? 0.001 (Mann-Whitney U test)?
1Active smoking or smoking within five years 




Table 2. Survival in patients treated for abdominal aortic aneurysms. The number of surviving 
patients and patients included in follow-up at different time points are presented separately for all 
patients and the most important patient subgroups. Statistically significant differences between 
opposing subgroups (i.e. elective vs. urgent or emergency, diabetes vs. no diabetes etc.) are highlighted. 
 6 months 3 years 5 years 10 years 
All patients 455/498 (91.4%) 318/402 (79.1%) 207/312 (66.3%) 39/106 (36.8%) 
Male 401/438 (91.6 %)  280/350 (80.0%) 185/273 (67.8 %) 33/89 (37.1 %) 
Female 54/60 (90.0%) 38/52 (73.1%) 22/39 (56.4%) 6/17 (35.3%) 
Age <70 years 167/176 (94.9%)* 124/141 (87.9%)*** 93/112 (83.0%)*** 24/39 (61.5%)*** 
Age ?70 years 288/322 (89.4%)* 194/261 (74.3%)*** 114/200 (57.0%)*** 15/67 (22.4%)*** 
Elective 367/383 (95.8%)*** 255/306 (83.3%)*** 164/239 (68.6%) 29/83 (34.9%) 
Urgent or 
emergency 
88/115 (76.5%)*** 63/96 (65.6%)*** 43/73 (58.9%) 10/23 (43.5%) 
Open surgery 226/260 (86.9%)*** 179/225 (79.6%) 127/182 (69.8%) 29/67 (43.3%) 
Endovascular 
repair 
229/238 (96.2%)*** 139/177 (78.5%) 80/130 (61.5%) 10/39 (25.6%) 
Coronary artery 
disease 
190/206 (92.2%) 130/169 (76.9%) 91/140 (65.0%) 20/61 (32.8%) 
Diabetes 72/85 (84.7%)* 43/61 (70.5%) 27/45 (60.0%) 5/12 (41.7%) 
Hypertension 287/312 (92.0%) 189/243 (77.8%) 122/188 (64.9%) 16/60 (26.7%)* 
Dyslipidaemia 159/167 (95.2%)* 105/125 (84.0%) 75/98 (76.5 %)** 16/34 (47.1%) 
Smoking1 118/124 (95.2%) 81/102 (79.4%) 50/75 (66.7%) 12/28 (42.9%) 
Pulmonary disease 92/103 (89.3%) 55/77 (71.4%) 33/61 (54.1 %)* 2/15 (13.3%)* 
Stroke2 53/62 (85.5%) 38/48 (79.2%) 23/39 (59.0%) 3/17 (17.6%) 
Renal insufficiency 72/85 (84.7%)* 43/61 (70.5%) 27/45 (60.0%) 5/12 (41.7%) 
*p ? 0.05, **p ? 0.01, and ***p ? 0.001, when compared to controls (chi square test) 
1Active smoking or smoking within five years 






Table 3. Results of stepwise multivariable Cox Regression analysis on mortality. In serum lipids, the 
hazard ratios correspond to an increase of one standard deviation. Factors included in the Cox 
Regression analysis: age, sex, diabetes, dyslipidaemia, hypertension, coronary artery disease, stroke, 
pulmonary disease, renal insufficiency, previous reconstruction, active smoking or smoking within 5 
years, aneurysm rupture, endovascular treatment, TC, LDL-C, HDL-C, TG, EFW-VLDL-TG, EFW-
LDL-C, EFW-IDL-C, EFW-ApoA1, EFW-ApoB, EFW-HDL2, GFR. 
 HR 95 % CI p-value
Age 1.08 1.05–1.10 <0.001 
Aneurysm rupture 2.46 1.68–3.60 <0.001 
Smoking1 1.70 1.16–2.49 0.006 
Pulmonary disease 1.44 1.03–2.01 0.035 
Dyslipidaemia 0.68 0.49–0.95 0.025 
TG (SD=0.73mmol/L)  1.84 1.20–2.81 0.005 
LDL-C (SD=0.97mmol/L) 1.79 1.18–2.73 0.006 
EFW-IDL-C (SD=0.11mmol/L) 0.31 0.19–0.65 <0.001 
Diabetes 1.50 1.01–2.25 0.046 
Hypertension 1.30 0.96–1.76 0.090 
Stroke2 1.39 0.94–2.06 0.094 
1Active smoking or smoking within five years 




Figure 1. Survival at different time points according to the number of present risk factors (age ?70 
years, aneurysm rupture, active smoking or smoking within 5 years, pulmonary disease, diabetes, TG 
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